The Mirgenbach reservoir (vol. : 7.3 Mm', area : 90 ha, mean depth : 7.7 m) is a safety and thermal water buffer for the nuclear power station in Cattenom (Eastern France). Water used for cooling is pumped out of river Moselle, filtered, overheated, concentrated by evaporation in the atmospheric cooling towers that discharge the cooled water into this artificial lake where it continues to cool. The levels of temperature, conductivity, hardness and eutrophising capacities are higher than those of river Moselle waters. The hydrobiologjcal study was conducted from April 1986 to December 1988. Before August 1986, the lake had developed to a dimictic stratified type. Immediately after the first input in August 1986, it developed towards a polymictic unstratified type. The oxygen levels, the conductivity, the pH and the temperature were homogeneous from surface to bottom everywhere in the reservoir at any lime.
Introduction
Nuclear power stations are usually located along side major rivers where reactor cooling water is rea dily available. The temperature of the water used for this purpose increases. The discharge of these waters back lo the river may result in higher river temperatures and lower concentrations of river oxy gen (Lair et al. 1980 ). The nuclear power station at Cattenom (4 x 1,300 MW) is original in being loca ted 3 km from River Moselle. It was therefore neces sary to create an artificial safety reservoir : « the Mirgenbach ». The lightness overheated draining waters from the cooling towers transit in this reser voir. This specific situation is of a great interest for hydrobiological studies and proposals for biomass valorization projects. 
Site description

Methods
Field pH, dissolved oxygen, temperature and conductivity measurements were made using a Lorenzen's (1967) monochromatic equation. The daily rate of primar> production was measured using the dissolved oxy gen method (Vollenweider 1965 , Descyetal. 1987 Phytoplankton was collected with a net (30 cm in diameter, 100 cm de long ; mesh size 34 ^m) ; 280 1 were filtered on an average. Zooplankton was col lected with a Clarke-Bumpus automatic plankton sampler (Net 12.5 cm in diameter, 90 cm long ; mesh size 75 ^m) from three depths (surface, mid-depth, near-bottom) ; 2500 1 were filtered on an average.
The benthon was sampled at 50 cm depth with a ben thometer (0 30 cm) in the littoral zone (Bl to B5 (Table 1) .
Results
Physical and chemical characteristics
The water quality is basically identical to that of the water pumped out of the River Moselle ; it has high salinity, hardness and a eutrophising capacity with overheating and a concentration of dissolved salts multiplied by 1.5, as a consequence of evapo ration in the cooling towers. These are the site of efficient cooling, outgassing, oxygenation and décantation which will have a favourable influence on the levels of temperature, NH^ +, NOj ", BODj and COD.
The reservoir functioned as a temperate holomictic dimictic lake (Hutchinson & Loffler 1956 ) before the first input in August 1986. The summer stratifi cation started in June or July with a thermocline between 5.5 and 6.5 m, then disappeared as soon as the waters were mixed in August. Overall mea surements of the temperature, the dissolved oxygen, the conductivity and the pH currently show homo geneity along vertical or transversal transects {fig.
2 and Table I ).
According to the efficiency of the cooling towers, the overtheating of the water in the Mirgenbach lake range between + 5° C in winter and + 1° C in sum mer in comparison with the annual distribution of temperature in the Moselle river {fig.
3).
Consequently, the water of the lake never freeze in winter and display a less overheating in summer ; in all season, the gain of temperature is proper to the biological development.
The trophic level is indicated by four major varia bles : Phosphorus, Nitrogen, Silica and transparency.
The phosphorus concentrations were very low in summer 1986 (total phosphorus : 4 ^gP l' in August, and P04^~ not measurable). Then they 
Biological characterislics and Iheir variation
Phytoplankton dynamics (Table III) . Peaks in the development of the phytoplanktonic biomass could be observed from spring to autumn (Fig. 4) with maxima in July except in 1986, because of not any inflow of water from the cooling towers until August 1986 (Phosphorus becoming a limiting fac tor : 4 ^g Pl-i in P total).
The daily rate primary production decreased during the investigation (2.57 gCm~^d"' in 1986, 1.78 gC m-^d-l in 1988).
Zooplankton dynamics
Only crustaceans were studied in the present inves tigation, because of their dominant contribution to biomass. Sixteen species have been identified over In 1988, the average value of density for zoo 
Benthic community dynamics
A total of 88 taxa were found during the study.
The benthic fauna rose from 54 taxa in 1986 to 60 in 1988.
The structure of communities is summarized in In the spring 1986, the sampling places Bl, B5, had a very similar structure, with a high population The lake is populated with perch from 1 to 6 years old ; some of the fish must have been brought in when the lake was first filled up.
Discussion and conclusion
Several factors combine to establish, maintain and increase eutrophic conditions in Mirgenbach reser voir, including : 1) water quality of the river Moselle, strongly mineralized and eutrophicated ;
2) overheated and nutrient enriched inflow waters ;
3) complete and constant vertical mixing of the water column ; 4) breaf residence time of water in the reservoir (20 days). There was (Table III) with Cladophora, Oedogonium and Enteromorpha.
As a secondary effect, this prevalence limits the vulgaris is known as being less resistant than E. gra cilis to environmental variations (Cognard 1971 ).
The permanent species are typical of an evolution from a mesoeutrophic state to an eutrophic state sui a salinity increase. The prevalence of cladocerans (83,3 % in spring and 61,2 "/o in summer) over calanoids and cyclopoids enables us to set this reservoir in « class 5 » of the typology of Bressac (1985) .
If the eutrophication increases even more, the calanoids may disappear (Lair 1975 , Janiki et al. 1979 , Bressac 1982 . The structure of the fish popu lation has an impact on the zooplanktonic one ; the predominance of ichtyophagous fish (Perca fluvialilis) as compared to planktonophagous fish accounts for the abundance of large size zooplank tonic species (D. longispina, D. brachyurum, Cala noids) with an high grazing rate on phytoplankton. The carnivorous species (C. vicinus, L. kindtii) eat the smaller cladocera [B. tongirostis, C. pulchella) the fihering organic matter and associated decom posers (Bacteria and Protozoa).
By comparing with other values (600 ind 1 " ^ in Créteil reservoir, Testard 1983), the lower density of zooplankton can be explained by the fact that the outflow (2.7 m ~ ^ s " ') carries away part of the zooplankton whereas the inflow (2.7 m^ s"^) brings none. Bressac (1985) thinks that this applies to the Serre-Ponçon reservoir in which the lowest density is 55 individuals 1~ Despite the overheating, a sea sonal rhythm in the dynamics of populations is appearing : a peak in spring explaining the clear water period, because of the grazing by smaller zoo planktonic species ; a higher peak in summer, a decUne in autumn and a minimum level in winter. Contrary to what is reported in the literature (Gré goire 1981 , Pinel Alloul & Méthot 1984 , no demo graphic explosion occurred after the first filling, because of phosphorus deficiency due to its incor poration in the biomass.
The maximum benthic biomasses (excluding the dam) can be compared with those of the literature. Bouchaud et al. (1979) found 122 kg ha"* in the lower section of a gravel pit in the River Loire. Tes tard (1983) gave 44.19 and 53.33 kg ha"' for the mesoeutrophic Créteil lake, according to the subs tratum, whereas for eutrophic lakes, the littoral ben thic fauna reaches 330 kg ha" ' (Morgan 1980 ) and 10.3 kg ha"* of dry weight without shells in Lake Simcoe (Rawson 1930) . The mean population (from 1,500 to 3,500 individuals m " ^) is much lower than that of the littoral samples of Lake Saint-Louis (Quebec) (7,500 individuals m"^) which is said to be in an advanced eutrophication state (Magnin 1970) . Our results, which are significantly different, show that the Mirgenbach reservoir is in trophic variation.
In the specific case of the dam, although the num ber of D. polymorpha decreases from 1,800 to 650 ind m~2, their biomass increases from 240 to 1,025 kg ha~ ' of dry weight, including shells. The values for this species (biomass/population) are compara ble with those observed in eutrophic Mazurian Lakes (Stanczykowska 1977) . Stanczylowska (1984) estabhshed the absence of such molluscs in polymictic type IV lakes (Total phosphorus from 300 to 950 ^g 1 '), whereas we showed that these molluscs are represented in the Mirgenbach Lake. This calls for an investigation of the evolution of D.
polymorpha, which is also a prey to crayfish {Orconectes limosus) (Piesick 1974 in Stanczykowska 1977 ; water owls (Pedroli 1981) ; coot {Fúlica atra), tuffed duck (Aythya fuiigula), pochard (Ayihya ferina) and mal lard (Anas plalyrhynchos) of which 2,000 to 2,500 individuals are living on the lake in winter.
To explain the decreasing diversity of fish two hypotheses can be put forward : a) the species of fish -other than perch -have slowly disappea red because they were not adapted to the biotope ; for instance, dace is known to prefer fast currents, b) the species have declined because of the strong prédation by perch.
It is known that a monospecific population of perch may disrupt the balance of the environment and can cause nanism (Hoestlandt 1979) . Conse quently, we decided to intervene by stocking the reservoir (17 kg ha'') with omnivorous species (Cyprinus, Tinea) and great carnivorous fish (Esox, Lucioperca) ; the former to limit the propagation of large zooplanktonic species, and the latter because of their ability of regulating the population of Perca. According to the available bibliographi cal data (Angeli 1976 , Pourriot et al. 1982 , we can expect the small zooplanktonic species (Rotifera, Bosmina, Ceriodaphnia) io develop. Consequently, the intensity of grazing should decline resulting in diminished lakewater transparency for longer periods. This evolution should keep the prolifera tion of Hydrodictyon down. As an alternative, aquaculture of these algae is being planned. The har vest of these algae will be an appropriate method to restrain the hypereutrophication (Laurent 1976) . Fish farming in floating nets could also be develo ped using herbivorous species able to eat dry Hydrodictyon incorporated into an artificial diet.
The purpose of this programme is to take advantage of the waters from the cooling towers. It can be implemented taking all the environmental issues into account : the physical and chemical variations of the water quality, the qualitative and quantitative variations of the trophic chain.
Akn lents
